


Main East Canal - Michaud Flats  Project  - Idaho 
Kopp Wasteway Discharging 25 cfs (113 capacity) 

Baffle piers  - 18" wide & high - Id"  spaces 
Rows - 6' spacing 

Chute - 9 '  wide & 90' long - 2:l s l o w  
- Training Walls 5;' high 

























The tests  were  concerned primari ly with the effectiveness of the 
baffled chute in greventing acceleration of the flow down the  chute. 
This was judged by the appearance o r  profile of the flow in the 
chute, the depth and extent of scour  in the downstream channel, 
and by the height of splash shown on the splashboard. F o r  each 
test,  the channel was molded level at the base of the chute a t  
Elevation 914 and the model w a s  operated for  30 minutes, a f t e r  
which the erosion in the channel bed was measured. Relative 
depths were made visible with contour likes of white string. 
The tailgate in the model was se t  t o  provide a tail-water depth 
of 2 feet (Elevation 916) in the downstream channel for a discharge 
of 20 cubic feet p e r  second p e r  foot of width of chute. The tail-  
gate setting was not changed for l a rge r  discharges so  that the 
tail-water depth did not build up a s  much a s  it  normally would in 
a field s tructure.  The resulting depths for discharges of 35, 50, 
and 60 cubic feet p e r  second'were 2.5, 3.0, and 3.5 feet, respec-  
tively. F o r  t e s t s  with gate controlled flow 15. 3 feet of depth was 
maintained upstream from the gates. F o r  the f ree  flow tes ts ,  the 
gate s tructure was removed and the normal depth for  the par t icular  
flow being tested was maintained in the canal. The elevations shown 
in the drawings and photographs a r e  compatible and apply fo r  a 
model scale of 1:16. 

Four baffle p ie r  heights were included in the original testing pro- 
gram: 3 feet, 4 feet, 5 feet, and 6 feet, measured normal t o  the 
2:l sloping chute, Figures 13, 14, 15, and 16. Each height was 
tested with the spacing between rows fixed a t  twice the baffle * 

height. The baffle p ier  widths and spacing within each row were  
equal to one and one-half t imes the baffle height. F o r  each baffle 
p ier  arrangement, individual tes ts  were  made for  20, 35, 50, and 
60 cubic feet pe r  second pe r  foot of width. 

Water surface measurements were made with a point gage and a' 
scale taking'the maximum water surface  at each measured point. 
Since the water  surface a t  any point on the chute varies with respect  
to time, the profiles obtained o r e  higher than the profiles shown in 
a photograph of the same  test. The measured profiles of Figures  
13 through 16 a r e  believed to be more  dependable for estimating 
necessary wall heights thpn the photographs in the report which 
portray the appearance of the flow a t  a part icular  moment. 

Velocity measurements were attempted in the locations shown i n  
Figures 13 through 16. At Stations 0 and 1, the flow was smooth 
and uniform; the data a r e  accurate. On the slope. where turbulence 
and unsteadiness a r e  characteristic of the flow, only the measure-  
ments at  Point 3 were considered to be  dependable. Even these 
showed some inconsistencies, but velocity curves for  the range of 
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to adjusF the obviously incorrect  iheasured values. The  curves 
shown in Figure 17 a r e  believed to be reasonably accurate and were  
found useful in evaluating the height of the baffle p ie r s  in  t e r m s  of 
gene;-a1 performance. The velocity measurements in other pa r t s  
of the  chute a r e  summarized in the notes of Figure 17. 

Test  Results * 

F o r  all baffle p ier  heights and a test  discharge of 60 cubic feet p e r  
second per  foot of width, the flow entering the chute had a bottom . 
velocity of' about 1. 8 feet per  second and reached a maximum of 5 .5  
feet p e r  second a t  Point 2, At Point 3, the velocity was dependent 
or? the  baffle p ier  height as shown in Figure 17. The average veloc- 
ity, V = Q/A, a t  the top of the chute was 7 feet p e r  second. Fo r  a 
unit discharge of 20 cubic feet pe r  second, the initial bottom veloc- 
ity was about 1 .1  feet p e r  second, reached a maximum of about 4.5 
feet p e r  second a t  Point 2 and was reduced a t  Point 3 as shown in  
Figure 17. The average velocity a t  the top of the chute was 3 feet 
pe r  second. The velocities in  themselves a r e  not important in 
generalizing the design of the  baffled chute, but do help the reader  
to visualize the velocity distribution on the chute. With low baffles 
and high discharges, the bottom velocity at Point 3, Figure 17, is 
considerably higher than when higher baffles a r e  used with the s a m e  
discharge. This is because a l a rge r  volume of water passes  over  
the tops of the low baffles-and the decelerating effect of the baffles i t  I, 

on the  entire volume of flow is less ,  Figure 18. 

Although the velocity at Point 3, for  60 cubic feet per  second p e r  foot and 
the 6-foot baffles, was considerably l e s s  than for the 3-foot baffles, 
the erosion was more severe.  When the 6-foot baffles were used, 
erosion was t o  Elevation 900, exposing the end of the chute. When 
the 3-foot baffles were used, erosion was only to Elevation 905; the 
extent of the erosion was also less .  Appearance of the flow on the 
chute and in  the downstream channel for the 5-foot baffles, Figure 
19B, was bet ter  than for  the 6-foot baffles; appearance for  the 4-foot 
baffles was st i l l  better, Figure 19A. The erosion pat terns fo r  the 
4- and 5-foot baffles were  bet ter  than for  the 3- o r  6-foot baffles. 
The leas t  splash occurred with the 3- and 4-foot baffles. 

The s a m e  relative p e r f ~ r m a ~ c e  was evident for  the 50 cubic feet p e r  4 

second per  foot flow. The  4- and 5-foot baffles produced the bes t  
flow appearance and the 5-foot baffles produced the most favorable 
scour  and splash patterns. Figure 19 shows the flow fo r  50 cubic . 
feet p e r  second p e r  foot with the 4- and 5-foot baffles. 

At 35 cubic feet pe r  second p e r  foot, the flow patterns were all 
satisfactory in  appearance. The most favorable erosion patterns 
occurred with the 3- and 4-foot baffles, the deepest erosion being . 
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was to Elevation 905. splash was least wit&the 4-foot baffles but 
was not much greater with the 3-foot baffles. Figure 20A shows 
the,flow pattern and erosion for the 3-foot baffles and 35 cubic feet 
per second per foot of width. ,. 

For 20 cubic feet per  second per foot, flow appearances were all 
good but the 3-foot baffles showed a slightly better flow pattern. , 

' 

The scour pattern was also most favorable with the 3-foot baffles. 
The deepest erosion hole was to ,Elevation 908. Erosion with the 
&foot baffles was to Elevation 907, 5-foot baffles to Elevation 905, 
and 6-foot baffles to Elevation 906. The 4-foot baffles produced the 
least erosion near the wing wall at the end of the chute. The splash 
patterns fo r  the 3-, 4-, and 5-foot baffles were almost identical, 
but the splash for  the 6-foot baffles was somewhat greater. Figure 
20B shows the flow pattern and erosion for the 3-foot baffles and 20 
cubic feet per  second per  foot of width. 

After partial analysis of the test  data, it was apparent that baffles 
2 feet high might provide ample scour protection for a design dis- 
charge of 20 cubic feet per  second per foot of width. Scour tests  
showed this to be true, although scour depths were about the same 
a s  found for the 3-f00t high baffles. For a discharge of 35 cubic 
feet per second per foot, the scour depth exceeded that for the 
3-foot baffles and the flow appearance was not good; too much high 
velocity flow passed over the tops of the piers. 

A summary of scour test  data is given in Table 1. Listed a r e  the 
' 

lowest scour-hole elevations (1) a t  the wing wall visible in the 
photographs, (2) downstream from the chute, and (3) the average 
of the elevations in (1) and (2). Scour along the wall of symmetry 
was not considered because the adjacent wall affected the scour 
depth adversely. . . 

Figures 2 1  and 22 show three groups of curves, A, B, and C, 
plotted from the data in Table 1, one group, D, plotted from the 
velocity curves of Figure 17, and one group, E, plotted from the 
splash tests.  In Group A, the scour depth at the wing wall is a 
minimum for the d -  and 3-foot high piers for a discharge of 20 
cubic feet per  second. At 35 cubic feet per second, the 3- and 
4-foot piers  provided the minimum scour depth and at 60 cubic 
feet per second, the 4- and 5-foot piers provided minimum scour 
depth. In Groups B and C, the depth of scour a t  the end of the 
chute, and the average of the maximum depths show the same 
general trend except that the 3- and 4-foot piers  show minimum 
scour for  the maximum design discharge of 60 cubic feet per  
second. 

If envelope curves were drawn in A, B, and C to determine the 
height of baffle pier which produces the least scour, the pier . 
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cases to 3, 4, o r  5  feet in the other cases for 60 cubic feet per  
second. An envelope curve drawn on the velocity curves to  deter- 
mine the height of pier to produce the lowest velocity on the chute 
would indicate baffle piers 6 feet high for all  discharges. Since 
6-foot piers produce maximum scour depth, a compromise must 
be made. Scour depth is more important than the velocity on the 
chute, and since the water surface profiles of Figures 1 3  to 16. 
favor the lower baffle piers, the most ,praJct i~a1 height for the 
baffle piers is indicated by the circles, shown in Figures 21 and 
22. The circles have been plotted on each set of curves and 
represent baffle piers 2 feet high for design discharge 20 cubic 
feet per second; 3 feet high for design discharge 35 cubic feet per 
second; 3. 8 feet high for design discharge 50 cubic feet per  second 
and.4. 3 feet high for design discharge 60 cubic feet per  second. 

P ie rs  of this height produce near minimum depths of scour for a l l  
design discharges and near minimum velocity on the chute. In 
addition, they produce near minimum splash for all discharges a s  
shown by Curves E of Figure .22. Finally, an inspection of the 
photographs made of each test (only a few representative photo- 
graphs a r e  reproduced in this report) show that the flow appear- 
ance is satisfactory for each of the recommended piers. 

The height of baffle piers shown by the Figures 21 and 
22 may be expressed a s  0 . 8  Dc where = critical depth on 

the chute. Curve B, Figure 23, shows the recommended height of 
baffle piers. 

GENERALIZATION OF THE HYDRAULIC DESIGN ' 

The general rules for  the design of baffled overchutes have been 
derived from tests  on individual models, prototype experiences, 
and on the verification tests  described in detail in this report.  
Since many of the rules a r e  flexible to a certain degree, an attempt 
has been made in the following discussion to indicate how rigidly 
each rule applies. 

Design Discharge . 
The chute should be designed for the full capacity expected to be 
passed through the structure. The maximum unit discharge may 
be a s  high a s  60 cubic feet per  second. Generally speaking, how- . 
ever, unit discharges in the range.of 35 cubic feet per  second 
provide better flow conditions on the chute and in the downstream 
channel, and a unit discharge of 20 cubic feet per  second provides, ' 
a relatively mild condition. 
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In installations where downstream degradation is not a problem and 
an  energy dissipating pool can be  expected to form at the base  of the 
chute, more  acceptable operation for  a unit discharge of 60 cubic 
feet per  second will occur than in s teeper channels where no energy 
dissipation occurs.  The design maximum unit discharge may be 
limited by the economics of baffle p ier  s izes  o r  chute training wall 
heights. A wider chute with a correspondingly reduced unit discharge 
may provide a more  economical structure. 

Reports have been rece.ived from the field thdt baffled aprons designed 
for  a unit discharge of 60 cubic feet .per seco$!~d have operated a t  esti-  
mated values up to  120 cubic feet pel* secondiror short periods without <I 

excessive erosion and spillage over the walls[ This is mentioned 
only to  indicate that a baffled apron can discharge more  than the design 
flow without immediate disaster ;  it is not int'ended t o  suggest that baf- 
fled aprons should be  underdesigned a s  a mat ter  of general practice. 

10 
Chute Entrance 1: 

j" 
Flow entering the chute should be  well distributed lateral ly a c ro s s  
the width of the chute. The velocity should pe well below the cr i t ical  
velocity, preferably the values shown in  Curve D f Fi u re  23. The 

Velocities crit ical velocity in a rectangular channel is ,Vc = 
near crit ical o r  above cause the flow to  be thrown vertically into the 
a i r  af ter  striking the f i r s t  baffle pier.  When1 the initial velocity is 
high, the flow has been observed in a model .to pass  completely over 
the next row o r  two of baffle piers .  The baffled apron is not a 
device to  reduce the velocity of the incomini  flow; rather,  it is 
intended only to prevent excessive acceleration of the flow passing 
down the chute. 

' To insure low velocities a t  the upstream end of the chute, it may be  
necessary to provide a short  energy dissipating pool s imi lar  to the 
ones shown in Figures 1, 3, 5, and 7. A hydraulic jump stilling basin 
may be suitable i f  the flow is discharged under a gate a s  shown in 
Figure 7. The sequent o r  conjugate depth in the basin should be main- 
tained to prevent jump sweep out, but the basin length may be con- 
siderably l e s s  than a conventional hydraulic jump basin since the 
pr imary purpose of this  pool is t o  reduce the average velocity. This 
is accomplished in the upstream portion of the stilling basin. The 
downstream third of the basin may therefore be eliminated since the 
purpose of this portion of basin is to complete t$e jump action to  
provide a smoother water surface. A basin length of twice the sequent 
depth will usually provide ample basin length. The end sill of the pool 
may be  used a s  the c res t  of the chute a s  shown in Figures 1 , 3 ,  5, and 7. 

Again, it is very important that proper flow conditions be provided at  
the entrance t o  the baffled apron. In fact, satisfactory performance of 
the entire s tructure may hinge on whether entrance flow conditions a r e  
favorable. If unusual entrance problems a r e  encountered o r  if any 
doubt exists, a hydraulic model &<udy is recommended. 
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The drop section, o r  chute, is constructedjion a 2 : l  slope. Minor 
variations f rom this slope would probably cause no difficulties but 
the effect of major  variations in slope is nalt known. The upstream 
end of the chute floor should be joined to ithk horizontal floor by a 
curve to prevent excessive vertical contyct ion of tKe flow. However, 
the -radius should be sufficiently small  thfat:l$he curved surface does . 
not interfere with the placement of the 'fijrst row ofbaffles.  The up- 
s t r eam face of the f i rs t  row should be nqgiore  than 1 foot (vertically) 
below the high point of the chute. It is ilYiportant that the f i r s t  row of 
baffles be placed a s  high on the chute a ~ $ ~ r a c t i c a l ,  since half of the 
water will not be intercepted until the ?ow s t r ikes  the second row of 
baffles. To prevent overtopping of theifraining walls a t  the second 
1-ow of baffles, a partial  baffle (one-thir:d to  two-thirds of the width 
of a full baffle) should be placed against the training walls in the top 
o r  f i rs t  row. This will place a space of the same width adjacent to 
the walls in the second row. Alternate :rows a r e  then made identical. 
(Rows 1, 3, 5, 7, e tc . ,  a r e  identical; R,ows 2, 4, 6, 8, etc. ,  a r e  
identical. ) Four rows of baffles a r e  necessary to establish the 
expected flow pattern a t  the base of the chute. 

' t  

The height of the training walls on the chute should be th ree  o r  more  
t imes  the baffle height, measured normal t o  the chute floor. Walls 
of this height will contain the main flow and most t f i  the splash. The 
greatest tendency to overtop the .walls occurs in the vicinity of the 
second and third rows of baffles a s  indicated in the profiles and photo- 
graphs in the report. If i t  is important to keep the adjacent a r ea  
entirely dry, i t  may be desirable t o  increase the wall height near  the 
top of the chute. 

Several rows of baffle p iers  a r e  usually constructed below the channel 
grade and backfill placed over the p iers  to provide original bottom 
topography. To determine the depth below channel grade t o  which the 
chute should be constructed, the following methods have been used. 
When the downstream channel has  a control, the slope of a stable chan- 
nel f rom the control upstream t o  the s tructure should be used to  deter- 
mine the elevation of the end of the chute. Usually, data a r e  not avail- 
able o r  sufficient to compute a stable channel grade; a slope of 0.0018 
is then used. Experience has  shown that a slope of 0.015 is much too 
steep. If a stable downstream control does not exist, the probable .- 
stable channel must be determined by estimating the amount of mate- 
rial which will be moved during the maximum design flood. 

I 

Baffle P i e r  Heights and Spacing 

Curve A of Figure 23 shows the critical depth in a rectangular channel. 
The curve was plotted from the equation 
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Baffle pier heights for unit desFgn discharges up to EO cubic feet per  
second may be obtained from Curve B. As indicated by the tests,  
the baffle pier heights a re  not critical and the height may be varied 
by several inches to provide a convenient dimension. 

The width of the baffle piers should equal the width of the spaces 
between baffles in the same horizontalrow and may vary between 
one and one and one-half times the block height; preferred width 
one and one-half times the block height. Greater baffle widths may 
result in too few baffles to thoroughly break up the flow while nar- 
rower widths do not intercept enough of the flow at  one place and 
also may result in slots too narrow for easy passage of trash. 

As a general rule, the slope distance,between rows of baffles (meas- 
ured face to face on the 2:l slope) should be twice the baffle height. 
When baffles less  than 3 feet in height a r e  used, the row spacing may 
be increased but should not exceed 6 feet. Greater spacing with small 
baffles allows the shallower flows to accelerate excessively before 
being intercepted by a baffle pier. Alternate rows should be stag- 
gered to provide a space below a block and vice versa. 

The baffles may be constructed~with their upstream faces normal to 
the chute o r  truly vertical; the difference in performance is hardly 
measurable in a model. There is a tendency, however, for the verti- 
cal faces to produce more splash and less  scour than the normal faces, 
Figure 10. Other dimensions of the biocks a r e  not important except 
from the structural viewpoint. The przportions shown in Figure 13 
have been found acceptable for both structural and hydraulic require- 
ments and are recommended for general use. The forces on a baffle 
pier may be estimated from the baffle pier pressure measurements 
shown in Figures 1 and 3. 

PROTOTYPE PERFORMANCE ,- - 
Field performance of baffled aprons, designed and constiucted 
accordng to the suggestions given in this report, has been excellent 
in most installations. This has been verified by inspection teams 
working out of design offices and by field personnel responsible for 
operating the structures. Where deficiencies in performance have 
been noted, the cause was a s  obvious a s  the deficiency and simple 
remedial measures have resulted in satisfactory performance. The 
only difficulties reported, have been associated with unstable chan- 
nel banks, lack of riprap, o r  both. Proper'bank protection in all  
cases has resulted in a satisfactory structure. 
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ini icate construcTion techniques, completed baffled aprons which 
have operated for several  years,  and structures performing for 
various fractions of the design flow. ,Each structure shown has 
been reported a s  satisfactory, either a t  the outset of operation o r  
af ter  bank stabilization had been accomplished. Each structure 
was built according to the general rules given in this report. 

i 

Baffle p ier  dimensions, spacing and arrangement, wall heights, and 
other rules f o r  baffled aprons on a 2:l sloping chute were followed 
precisely. Table 2 contains other s tructures which have been built 
following the general rules. Although no favorable repor ts  on the 
performance of the tabulated aprons have been received, i t  is believed 
that they a r e  operating a s  expected. No adverse comments on their  
performance have been forthcoming. ,-- 

Figure 24 shows construction techniques used on two baffled aprons 
and operation of another at partia1,capacity. In the la t ter  photo- 
graph, a small-quantity of r iprap on the earth bank would have pre-  
vented undermining and sloughing of the soft earth a t  the downstream 
end of the right training wall. 

In Figure 25, the baffled apron on the Boulder Creek Supply Canal 
has operated many times over a range of discharges approaching the 
design discharge. As a result, a shallow pool has been scoured a t  
the base of the structure. This is desirable since the pool tends to 
reduce surface waves and make bank protection downstream from the 
structure unnecessary. Note that a relatively small  quantity of rip- 
rap  has been placed to do the maximum good. Also note the wetted 
a rea  (darker color) adjacent t o  the training walls, s tar t ing at  about 
the second row of baffles. This is caused by a smal l  amount of splash 
which r i s e s  above the walls and is carr ied by a i r  currents.  No 
reports  have ever  been received that this splash o r  water loss  is of 
any consequence. 

Figure 26 shows a low-drop baffled apron on the Bostwick Courtland 
Canal. It appears that grass  has  stabilized the banks sufficiently 
for  the height of fall  indicated. Little, if any, r iprap is evident and 
the structure has performed satisfactorily for a number of yea rs  
with little maintenance. Note the shallow scoured pool a t  the base  ' 

of the apron. . '  

Figure 27 shows another s tructure on the Bostwick Courtland Canal. 
Note the t r ash  accumulated near  the base  of the structure. Field . 
reports  indicate that t r a sh  tends t o  collect during a falling stage 
and is removed by the water during the rising.stage. Generally speak- 
ing, t r a sh  is not a problem on baffled aprons and does not contribute 
materially to maintenance costs. Note the well-plticed r iprap  a t  the 

, 9  

base  of the structure. 
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which have been in operation ior  over 4 years. In each case, grass 
has stabilized the downstream channel banks sufficiently to  prevent 
bank erosion. 

The series of photographs in Figure 29 show the progress of down- 
stream scour from October 1956 to  the spring of 1959. It may be 
noted that between October 1956, and September 1957, scouring 
occurred which exposed one row of the buried blocks. The bed 
material which was carried away consisted of fines; the coarse 
material which resembles riprap was left in place a s  shown in the 
photographs. 

Figure 30 shows the Bostwick Superior'Canal Drain after only a few 
months of operation. The soft earth banks were badly eroded, both 
upstream and downstream from the structure. The small amount of 
riprap placed downstream did much to protect the structure from 
complete failure. Stabilization of the banks with a grass cover 
eliminated sloughing of the banks. Figure 31 shows the same struc- 
ture 6 years  later,  operating satisfactorily for a fraction of the 
design discharge. Now that the banks a r e  stable, there is no main- 
tenance problem. , 

Figure 32, upper photograph, shows Frenchman-Cambridge Drain 
8C after 4- 112 years of operation. Performance has been excellent. 
Riprap originally placed a t  the base of the walls is covered by weed 
and grass cover. The shallow energy dissipating pool has helped 
to reduce bank maintenance downstream. In the lower photograph, 
the Culbertson Canal Wasteway 3: 3 is shown in operation shortly 
after construction was completed. The need for riprap at the water- 
line near the base of the baffled apron is beginning to become appar- 
ent. Figure 33 shows closer views of this same structure and indi- 
cates how energy dissipation is accomplished on the chute. Action 
in hydraulic models of baffled aprons is identical to that shown here. 
Figure 34, top photograph, shows the wasteway after the discharge 
was stopped. It appears that additional riprap protection would be 
desirable, particularly i f  the discharge is greater than 75 cubic feet 
per second. 

Figure 34, lower photograph, shows the Robles-Casitas Canal dis- 
charging 500 cubic feet per second into a baffled apron. Note that 
the riprap affords adequate protection to the structure. Operation 
is excellent. 

Figure 35 shows a drop on the Frenchman-Cambridge Wasteway. The 
upper photograph shows how wingwalls can be used to protect the 
structure and how a small amount of riprap can be used to protect the 
wingwalls from undercutting. The lower photograph shows the action 
of the water on the baffled apron for a very small discharge. There 
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Chute 
Spec. Drawing Location Station width, discharge, 
No. No. feet  

GILA PROJECT-- Continued . DC-2972 50-D-2661 Nl- 1546+90 8 Rect 
:DC-3683 50-D-2982 Radium Hot Springs 179+84.91 18  RecP , 
DC-4983 50-D-3359 Wellton-Mohawk Canal 661+16 90 Rect  
DC- 2822 50-D-2446 Wellton-Mohzwk Canal 489+21.71 65 Rect  
DC-2822 50-D-2453 Wellton-Mohawk Canal 563+50 39 Rect  
DC-2822 50-D-2456 Wellton-Mohawk Canal 614+21.71 65 Rect 
DC-2822 50-D-2459 Wellton-Mohawk Canal 660+00 62 Rect 
DC-2822 50 -D- 2470 Wellton-Mohawk Canal 

I 
822t-17.17 200 Rect 

DC-2822 50-D- 2473 Wellton-Mohawk Canal 938+00 36 Rect  
DC- 50 19 50-D-3366 Texas Hill Floodway 113+00 11 Rect 
DC-50 19 50-D- 3368 Texas Hill Floodway 133+00 28.5 Rect 1,000 

EDEN PROJECT 
DC-3558 153-D-152 Means Canal 7+30.77 18  Rect  

COLUMBIA BASIN PROJECT 
DC-4888 222-D-19589 ' WB5WWl 36+90 18 ~ e c t <  
DC-4888 222-D- 19596 WB5WWl e 564+95 7 Rect  
DC-4888 222-D-19596 WB5WW1 280+10 7 Rect  
DC-4888 222-D-19596 'WB5WW1 286+60 11 Rect  
DC-4888 222-D-19596 WB5WW1 303+10 11 Rect  
DC-4888 222-D-19596 WB5WW1 329+P0 11 Rect  
DC-4888 222-D- 19596 WB5VG7N1 346+25 11 Rect  
DC-4888 222-D-19596 WB5WWl 363+10 11 Rect 
DC-4888 222-D- 19596 WB5WW1 396+60 11 Rect 

I DC-4888 222-D-19597 VVB5WW1 410+10 14 Rect 
DC-4888 222-D-19597 W B 5 W 1  420+60 14 Rect  
DC-4888 222-D- 19597 WB5WW1 432+10 14 Rect 
DC-4888 222-D-19597 WB5WW1 441+45 1 4  Rect  
DC-4888 222-D-19597 WB5WW1 456+75 14 Rect 
DC-4888 222-D-19597 WB5WW1 465+70 1 4  Rect  
DC-4888 222-D-19597 WB5WW1 472+90 1 4  Rect  
DC-4888 222-D-19598 WB5WW1 481+85 14 Rect - QC-4888 222-D-19598 WB5WWl 489+60 14 Rect 
DC-4888 222-D-19598 WB5WW1 497+10 14 Rect  
DC-4888 222-D-19598 WB5WW1 505t-10 14  Rect  . DC-4888 222-D- 19598 FTJB5WW1 513+40 14 Rect  
DC-4888 222-D-19598 WB5WW1 520+40 14 Rect  
DC-4888 222-D- 19598 WB5WTVl 527+60 14 Rect  
DC-4696 222-D-18763 EL68DWW 321+55.70 14  Rect 
DC-4696 222-D-18817 EL68DWW 551+07AH 22 Rect 
DC-4696 222-D-18775 EL81WW 202+02 18 Rect  











Figu 

































A. Discharge 35 c f s  per foot of width 

Note: Bed at Elev. 914 at 
start of 30-minute test 

B. Discharge 20 c f s  
per foot of width 

k-. 
Baffled Chute Studies i' 

Baffle piers 3'-0" high;/ 
i, 









Setting forms for baffled apron 
at Sta. 3+35 of Wasteway 10. 7 
and compacting,backfill at 
Sta. 2+85 of Wasteway 11.1, 
Culbertson Canal, MRBPN, 
Spec. No. DC-5101. October 1959 

of soft earth bank; performacce 





Figure 26 















Same flow in mid-portion of chute. 
(See Figure 32 for generalyiew) 

C 

Culbertson Canal Wasteway 3 . 3  







Estimated Discharge 15 cfs /ft (half capacity) 

i i r  

Channel after  flood - material was deposited rather than scoured . -- i .  $ a ,  

Rio Grande Project 
PICACHO ARROYO SYSTEM 

NORTH BRANCH*,WASTE WAY CHANNEL 


